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本文首先建立了提升管反应器的三维 CFD (Computation Fluid Dynamic)模型，





































Riser reactor is a prime important component of the catalytic cracking unit. 
Obviously non-homogeneous distribution of flow, heat and mass transfer is found in 
all directions in the riser reactor, especially at the feedstock mixing zone, due to the 
high injection velocity, feedstock spray vaporize and cracking reaction. Thus, a 
complete gas-solid two-phase flow reaction model should be established to simulate 
the complex flow, heat transfer, mass transfer and reactions in the riser reactor. 
In this study, a 3-D CFD heterogeneous riser reactor model is developed to 
simulate the riser reactor at hot-model firstly, coupling PBM model with the 14-lump 
FCC kinetic model. The results show that the predicted lump concentration of gas 
phase agrees well with the plant data. When particle aggregation and breakage are 
considered in the simulation, the volume-average mean particle size becomes small 
and the PSD becomes flat. In addition, it also causes the flow more complex. The 
simulation results also show that the PSD, the particle aggregation and breakage have 
important influences on the flow field in the riser. 
Secondly, an integrated 3-D CFD riser reactor model is established to simulate 
the flow and/or reaction in the riser reactor in both cold- and hot-model. The model 
governing equation is verified by comparing against the open experimental data. 
Based on the optimized operation conditions gained by the PBM-CFD model, the 
effect of the nozzle jet velocity on the flow of the riser is investigated at the 
cold-model conditions, while the influences of nozzle position and angle on flow and 
reaction in the riser reactor are examined at hot-model conditions. The simulation 
results show that the nozzle jet velocity plays an important role in determining the 
two-phase flow in the feedstock mixing zone and the nozzle position has a minor 
influence on the flow field and the cracking reactions in the feedstock mixing zone. 
The simulation results also show that the nozzle angle has a significant impact on the 
flow field and the cracking reactions in the feedstock mixing zone and the nozzle 
angle of no less than 30º is appropriate. 















Two Fluid Model couples with the electrostatic model is carried out to investigate the 
effect of electrostatics on the flow and/or reaction in fluidized-bed reactor, cold- and 
hot-model riser reactor. And the results show that the electrostatic will prolong the 
time of completed fluidization in fluidized-bed reactor and reduce the bed expansion 
rate. The electrostatic has a significant influence on the particle distribution in the 
bottom dense region for cold-model riser reactor, while it has a small influence in the 
upper dilute region. When the cracking reaction is considered, the electrostatic has a 
small influence on the particle concentration, temperature and lump concentration 
distribution in the FCC riser reactor. 
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图 1.1 提升管反应器气固两相流动反应的物理模型 
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